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VIABILITY OF PRE�ADULT STAGES IN Drosophila melanogaster 
ABSTRACT 
The pre-adult viabil ity of four pure strains and two hybrid strains was 
determined for Drosophil a melanogaster. The data fail to show significant 
mortality and the ratios of the duration of the three different stages remained 
approximately constant. There are many factors which have been found to affect 
survivorship; one factor is density. As density of population within a 
l imited and closed universe increases, the rate of mortality would increase and 
viability would generally  decrease. However, our densities were well within the 
range having no effect on viabil ity. Under the conditions these experiments 
were performed, no genetic or environmental factors were found that caused 
marked interstrain differences in pre-adul t survivorship. This is in marked 
contrast to the results observed for adults of these same strains. 
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INTRODUCTlON 
Numerous studies have been carried out on the 1 e.ngth of adult 
life of Drosophila. Pearl and Parker (1921) found that there is 
a fundamental and marked difference between lo.ng-winged (wild type) 
and short-winged flies with respect to the duration of life. This 
difference was more marked in the case of the males than in the 
females. They also showed that this o.rganism follows quantitatively 
the same general law with respect to the distribution of its 
mortality as does man, with one day in the life of the fly 
corresponding roughly to one year in the life of man. This work deals 
only with the duration of imaginal life in Drosophila. There is no 
component in the life tab 1 es corres pondi.ng to the mo rt a 1 i ty of 
infancy and childhood in man. 
Lock and Northrop (1916; 1917) published a series of papers on 
the effects of food and temperature on duration of life in Drosophila. 
At 19oc cultures in water (no food) had an average duration of life 
of 4. 1 days and those in 1% cane sugar of 12. 3 days. In 1917 the 
experiments were repeated, using sterile flies on 2% glucose agar 
which was found to be a more adequate food. The same results were 
obtained each time, and the ratios of the duration of the three 
different stages remained approximately constant for the different 
temperatures. The average length of life of the imagos were of the 
order of that found by previous workers: 228 flies at 30° lived an 
average of 13.6 days; 70 flies at 25°, 28.5 days; and 49 flies at 20°, 
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40.2 days. 
Steinfeld (1928) experimented on the length of life of Drosophila 
melanogaster under aseptic conditions. She used six strains of 
Drosophila melanogaster including the wil d type and five recessive 
mutants. Her results showed the l owest average duration of l ife was 
by the vestigial flies, 16.99 days, and the highest by yellow, 26.28 
days. The average for al l six strains was 22.13 days. But this average 
was increased by 7.68 days when she used aseptic larvae and pupae. 
Alpatov (1930) found that Drosophila females emerged from l arvae 
taken from the food before the end of the normal l arval feeding do 
not differ in their duration of l ife from the control s. The ·males 
showed a l onger duration of life than the femal es. This proves that 
a reduction in body size does not inevitably lead to a reduction of 
the duration of life of the adults. 
In another paper, Northrop (1917) gives the results of some 
experiments undertaken to determine the effect on the duration of 
life of the imagos of prolonging the length of the larval period by 
inadequate feeding (omitting yeast for different l engths of time). 
In this way the pre-adult developmental times were prolonged from 
8 to 17 days, but the duration of l ife of the adul t remained the same 
in every case, ranging between 10.6 and 11.9 days at 27.5°C. 
Dawood and Strickberger (1969) showed that viability generally 
decreased with increasing density, and that at high densities, 
viability depended upon the genotype, the age structure of competing 
larvae, and upon interaction between these two factors. 
Research on the longevity of the adul t pure strains used in my 
research and several adul t hybrid strains was completed l ast year by 
f f 3 
Betty Rossbach (personal communication). Each of the four strains 
tested exhibited its own characteristic survivorship pattern. Hybrid 
vigor was observed in some interstrain crosses in that the F1 had a 
l onger average lifespan than their parents. In order to gain an 
understanding of the genetic factors determining survival, it is 
necessary to study the entire l ife span, which includes 10 - 14 days 
in larval and pupal stages prior to the imago stage. Pearl (1921) 
has stated that working with the survivorship of the larval and pupal 
stages is far more difficul t to measure accurately than it is with 
the imaginal stage. At that time, however, a synthetic medium for 
Drosophila was not available, making it cumbersome and uneconomical 
to rear and count large numbers of larvae. 
MATERlALS AND METHODS 
Four wild-type strains of Drosophila mel anogaster, captured 
from natural popul ations in four different l ocalities, were used in 
the experiments. The name of each strain, its origin, and the 
number of generations that stock has been maintained in the laboratory 
are given bel ow: 
Approximate number of 
Strain Origin generations in l aborator� 
Miami Florida 220 
Columbia New York 1960 
Channahon Florida 220 
Coll ier seminole Florida 280 
Stock cultures were maintained on standard culture medium 
(Formula 4-24, instant Drosoph-ila medium, Carolina Biological Supply). 
The medium was ground to a fine powder in order to make the first 
instar larvae easily visible for counting. This ground medium was 
first tested and found to have no effects on the number of e_ggs laid 
or on the time of oviposition. 
As the flies to be used as parents em�rged from their pupal cases, 
they were placed in holding bottles to induce synchrony in egg laying. 
Two pairs of flies were then put into each of 21 replica Sec glass 
culture bottles, where they remained for 10 hours. If any fly was 
found dead or trapped in the medium, that bottle was immediately 
discarded. 
The first instar larvae were counted 24 and 42 hours after the 
parental flies were removed from the bottles. The scoring procedure 
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was as follows: 25 ml of water was put into each bottle over the 
surface of the medium. The bottle was then shaken gently and the 
disolved surface medium was poured into a petri dish. This 
procedure was repeated six times for each bottle. Finally, in 
order to ensure that all larvae were taken from the bottle, a 
thin l ayer of the remaining surface medium was scraped off with 
a spatula and pl aced in the petri dish. At 24 hours, both eggs 
and l arvae were observed, so that only the 42 hour first instar 
larvae are reported in the tables. 
This same procedure, performed at 48 hours, was foll owed for 
counting second instar l arvae. Third instar larvae are quite 
motil e and often are found at the bottom of the medium, therefore, 
at times 72, 90, and 96 hours, the entire culture medium was 
mixed with water in one step, and the larvae then counted in a 
petri dish. 
Pupae were scored over a three day period of time, thus 
al lowing a sufficient period for all viable larvae to pupate. 
Since pupation occurred on the sides of the culture bottles, the 
pupa were counted by simply marking each darkened pupal case with 
a red marking pencil. 
Adults were counted over a ten day period, thus allowing for 
all possible flies to emerge. 
In the experiments involvirg hybrid individual s, it was 
necessary to collect virgin females. Thus, etherization was 
necessary. However, it has been previously shown by routine 
Drosophila work over the years that this standard procedure does 
not affect fertility or survival, 
RESULTS 
The results of viability tests in pure strains are shown in 
Tables 1-4 and in hybrid strains in Tables 5 and 6. Table 7 shows 
the effect of density on survivorship of pre�adul t stages. In all 
cases, time is given as number of hours elapsed fol l owing the removal 
of the parental fl ies from the experimental bottles. The data is 
expressed as the mean number of flies surviving, plus or minus the 
standard deviation. Several points are bro.ught out by the data� 
First, the resul ts clearly show that the times chosen for analysis 
of survival are such that synchrony of development of the organisms 
from one stage to another is achieved. Very few individuals are 
observed at other than the one stage being scored at each time. 
Second, although a large variability (standard deviation ) is 
observed in many cases, the mean survivorship does not appear to 
change significantly from one stage to the next. This lack of 
observed mortality is more clearly illustrated by a graphical 
presentation of the data, shown in figures 1�7. Third, the hybrid 
offsprfog and those produced by a higher density of parental adults 
still show no apparent pre-adult mortality. 
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Table 1. Miami 
Time 
(Hours) Eqq 
1 
42 0 
0 
0 
48 0 
0 
0 
0 
72 0 
0 
90 0 
0 
0 
96 0 
0 
0 
170 0 
0 
0 
340 0 
0 
1st 2nd 
28 
37 
50 
1 47 
0 19 
0 40 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
Between 
2nd & 3rd· ·3rd·· . PtJPa adul t  M + S. -
38 + 11 
35 + IL 
40 
44 43 + 2 
44 
15 
67 44 + 2i 
50 
0 43 
0 35 47 + 1� 
0 63 
0 0 40 
0 0 35 40 + 8 
0 0 46 
0 0 1 39 
0 0 3 32 39 + 7 
0 0 0 46 
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Table 2, Columbia 
I Time Between 
(Hours) Ecrn 
· ist 
. . · 2na · · 2nd· & · 3rd · · · ·3ra ouoa adult 
· . M + S 
-
2 58 
42 0 55 55 + 3 -
0 53 
. .  
0 3 61 
48 0 0 43 42 + 2( 
0 0 22 
. .  
0 0 1 65 
72 0 0 1 34 43 + 1� 
0 0 0 30 
0 0 0 37 
90 0 0 0 63 44 + 11 
0 0 0 31 
0 0 0 0 60 
96 0 0 0 0 59 54 + 11 -
0 0 0 4 43 . . 
0 0 0 0 0 57 
170 0 0 0 0 0 56 65 + 1! 
0 0 0 0 0 83 
0 0 0 0 0 1 56 
340 0 0 0 0 0 2 54 64 + l( 
0 0 0 0 0 2 81  
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Table 3. Channahon 
Time Between 
M + S (Hours) Egg 1st 2nd 2nd & 3rd 3rd pupa adult 
0 43 
2 35 
42 1 33 34 + 6' 
7 24 
l 33 
1 33 
0 2 37 
0 1 33 
48 0 3 33 36 + 8 
1 1 29 
0 0 52 
0 ·o 30 
0 0 1 46 
0 0 0 52 
72 0 0 1 42 39 + lC 
0 0 2 22 
0 0 1 34 
0 0 2 37 
0 0 0 57 
0 0 0 
90 0 0 0 48 52 + 19 
0 0 0 
0 0 0 51 
0 0 0 
0 0 0 1 52 
0 0 0 1 49 
96 0 0 0 0 52 39 + 14 
0 0 0 0 23 
0 0 1 0 23 
0 0 0 0 34 
0 0 0 0 0 56 
0 0 0 0 2 38 
170 0 0 0 0 0 40 36 + 11 
0 0 0 0 0 32 
0 0 0 0 0 25 
0 0 0 0 0 27 
0 0 0 0 0 9 47 
0 0 0 0 0 15 23 
340 0 0 0 0 0 2 38 32 + 9 
0 0 0 0 0 1 31 
0 0 0 0 0 2 23 
0 0 0 0 0 0 27 
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Table 4. Collier seminole 
Time Between 
M + S (Hours) Eqq 1st 2nd 2nd & 3rd· · 3rd· ··pupa adult -
3 30 
3 43 
42 3 40 33 + 1 
0 44 
0 18 
0 24 
0 0 37 
0 0 48 
48 0 0 36 38 + 1 
0 0 20 
0 4 33 
0 2 52 
0 0 0 27 
0 0 0 43 
72 0 0 0 16 35 + H 
0 0 3 54 
0 0 0 50 
0 0 0 20 
0 0 0 30 
0 0 0 O* 
90 0 0 2 40 27 + 5 
0 0 0 22 
0 0 0 23 
0 0 0 21  
0 0 0 0 24 
0 0 0 0 ' O* 
96 0 0 0 0 33 35 + 1C 
0 0 0 
-
1 33 
0 0 0 2 49 
0 0 0 0 7* 
0 0 0 0 0 28 
0 0 0 0 0 32 
170 0 0 0 0 0 51 30 + l� 
0 0 0 0 0 12 
0 0 0 0 0 27 
0 0 0 0 0 O* 
0 0 0 0 0 1 27 
0 0 0 0 0 0 O* 
340 0 0 0 0 0 0 30 31 + 9 
0 0 0 0 0 7 44 
-
0 0 0 0 0 3 9* 
0 0 0 0 0 3 24 
* These bottles did not have any larva or eggs, or had less than 10 in them 
and were discarded. 
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Table 5. Female Channahon X Male Miami 
Time Between 
(Hours) Eqq 1st 2nd 2nd & 3rd 
0 17 
42 0 30 
0 22 
0 0 50 
48 0 0 47 
0 1 32 
0 0 0 51 
72 0 0 0 32 
0 0 0 24 
0 0 0 50 
90 0 0 0 34 
0 0 0 36 
0 0 0 0 
96 0 0 0 0 
0 0 0 0 
0 0 0 0 
170 0 0 0 0 
0 0 0 0 
0 0 0 0 
340 0 0 0 0 
0 0 0 0 
11  
3rd pupa adult M + S 
23 + 7 
-
43 ::. 1C 
36 + 1� 
40 + 4 
-
29 
54 38 + 11 
30 
0 50 
0 62 44 + 2: 
0 20 
0 1 49 
0 3 59 43 + 21 
0 0 20 
Table 6. Female Channahon X Male Seminole 
l 1me Between 
(Hours) Eqq 1st 2nd 2nd & 3rd 
0 66 
42 0 45 
0 51 
0 0 46 
48 0 0 40 
0 0 44 
0 0 1 61 
72 0 0 1 71 
0 0 0 36 
0 0 0 59 
90 0 0 0 63 
0 0 0 45 
0 0 0 0 
96 0 0 0 0 
0 0 0 0 
0 0 0 0 
170 0 0 0 0 
0 0 0 0 
0 0 0 0 
340 0 0 0 0 
0 0 0 0 
12 
3rd pupa adult M + S 
54 + 11 
-
43 + 3 
-
56 + 16 
-
56 + 10 
-
25 
30 37 + 16  
57 
0 56 
0 52 51 + 6 . 
0 45 
0 6 50 
0 3 49 47 + 4 
-
0 2 43 
Table 7. Channahon (Control for density)* 
Time Between M + S (Hours) E<rn 1st 2nd 2nd & 3rd 3rd pupa adult 
6 137 
42 4 53 93 + 42 
11 90 
0 3 155 
48 0 0 85 106 + 42 
5 0 80 
0 0 0 58 
72 0 0 1 87 74 + 30 
0 0 2 77 
0 0 0 135 
90 0 0 0 56 99 + 40 
0 0 0 108 
-
0 0 0 0 140 
96 0 0 0 1 90 120 + 27 
0 0 0 0 132 
0 0 0 0 0 82 
170 0 0 0 0 0 62 67 + 14 
0 0 0 0 0 56 
0 0 0 0 0 2 80 
340 0 0 0 0 0 5 57 64 + 14 
0 0 0 0 0 1 55 
* Cultures were initiated with six pairs of flies. 
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Figures 1-7. Graphical presentation of results. 
The abscissa represents the time elapsed 
fol lowing the removal of the adult flies 
from the experimental bottles. The 
ordinate gives the mean number of individuals 
at each �tage. 
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DISCUSSION 
As can be seen from the tables, the data fail to show any 
significant pre-adult mortality. There is some fluctuation of the 
mean from time to time, but the data do not show a gradual decrease 
in survivorship with time. 
As mentioned previously, the data collected at 24 hours were 
not accurate, since both �ggs and larvae were observed. Therefore, 
these results are not reported in the tables. During the early 
stages of these experiments, we thought it would be possible to 
count eggs and therefore, measure the egg to first instar larvae 
survivorship. However, we soon discovered that there were two 
types of eggs; one type was unhatched and full inside, the other 
was hatched and empty inside. Therefore, the counti_ng of _eggs is 
highl y inaccurate. 
The mean number of flies for Miami ranges from 35 to 47, for 
Columbia from 42 to 65, for Channahon from 32 to 52, and for 
Collier seminole from 27 to 38. The experiments on the latter two 
strains were repeated twice and they tend to produce approximately 
30 eggs each, on the average. However, the average of the hybrids 
between these two ranges from 37 to 56, which is much h_i gher than 
either pure strain. This higher value may not prove anything as 
far as larval viability is concerned, but as has been shown by Hyde 
(1913) and Rossbach (unpubl ished results ) the F1 often have a longer 
duration of life than either parental type. Hybrid crosses were 
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made between female of Channahon and male of Miami or Seminole. 
Time did not permit us to perform the reciprocal crosses in these 
experiments on ·hybrids. It would be very interesting to see if 
there is a maternal effect on the observed hybrid vigor. 
Pearl et. al. (1927) discussed the effect of the density of 
the population on the duration of life in Drosophila. They found 
that the rate of mortality of Drosophila is profoundly influenced 
by density, that is, by the number of flies t_ogether occupying a 
limited universe in which the volume of air, volume of food, and 
the area of food surface are constant. The optimal density of the 
population fel 1 somewhere in the region of 35�55 flies per one 
ounce bottle containing Sec of food substrate. At densities above 
and below the optimum the specific death rates were higher, at all 
ages, than they were at the optimum. Pearl (1932) showed that as 
the density of the population within a limited and closed universe 
(number of flies per bottle) increases, the rate of �gg production 
per female per day (or hour) of Drosophila decreases. In our 
experiments it didn't matter how many eggs were laid per female; 
the matter is the survivorship of the three different larval 
stages and the pupa. Survivorship was tested for density effects, 
and the results are shown in Table 7. Note that, in agreement 
with Pearl, density does affect fertility; however, the density 
range tested in our experiments does not affect larval or pupal 
survivorship. 
It is interesting that the average survivorship remained 
constant, even though a great deal of variability was observed among 
replica cultures for each strain. It would be interesting to 
determine if this variability is genetic or environmental. Such 
24 
genetic or environmental factors could include the reproduction 
maturity of the females, temperature effects, seasonal changes, 
or numerous other factors. 
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